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The vector bosons models including Standard Model (SM) are inves-
tigated in the framework of the Dirac Hamiltonian method with explicit
resolving the Gauss constraints in order to eliminate variables with zero
momenta and negative energy contributions in accordance with the op-
erator quantization principles. The Hamiltonian formulation admits the
dynamic version of the Higgs potential, where its constant parameter is
replaced by the dynamic zero Fourier harmonic of the very Higgs field. In
this case, the zero mode equation is a new sum-rule that predicts mass of
Higgs field mh =
√
6m2t − 4[2M2W +M2Z ] = 311.6 ± 8.9GeV. The Hamil-
tonian formulation leads to static interactions playing the crucial role in
the off-mass-shell phenomena of the type of bound state and a kaon - pion
transition in the weak nonleptonic decays.
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1. Introduction
The Hamiltonian approach to gauge theories was considered as the main-
stream of development of gauge theories beginning with the pioneer papers
by Dirac [1], Heisenberg and Pauli [2], and finishing by the Schwinger quan-
tization of the non-Abelian theory [3] (see in detail [4, 5]). They postulated
the higher priority of the quantum principles, in particular, in accordance
with the uncertainty principle, one counted that we cannot quantize ”field
variables” whose velocities are absent in the Lagrangian. Therefore, vector
field time components with negative contributions into energy are elimi-
nated, as it was accepted in the Dirac approach to QED [1]. This illumina-
tion leads to the static interactions and instantaneous bound states.
Remember that the Dirac Hamiltonian approach generalized to the non-
Abelian theory [3, 5] and the massive vector fields [6] provides the fun-
damental operator quantization and correct relativistic transformations of
states of quantized fields. This Hamiltonian approach is considered [7] as
the foundation of all heuristic methods of quantization of gauge theories,
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including the Faddeev-Popov (FP) method [8] used now for description of
Standard Model of elementary particles [9]. Moreover, Schwinger ... re-
jected all Lorentz gauge formulations as unsuited to the role of providing the
fundamental operator quantization (see [3] p.324). However, a contemporary
reader could not find the Hamiltonian presentation of the Standard Model
(SM) because there is the opinion [7] that this presentation is completely
equivalent to the accepted version of SM based on the FP method [9].
In this paper, the Weinberg–Salam Standard Model is studied in the
framework of the Dirac Hamiltonian method with explicit resolving the
Gauss constraints in order to eliminate variables with zero momenta and
negative contribution in energy. We try to reply the following question.
What are new physical results that following from the Hamiltonian approach
to QED and SM?
2. Hamiltonian approach to QED
2.1. Action and reference frame
Let us recall the Dirac approach [1] to QED. The theory is given by the
well known action
S =
∫
d4x
{
− 1
4
FµνF
µν + ψ¯[i/∂ −m]ψ +Aµj µ
}
, (1)
where Fµν = ∂µAν − ∂νAµ is a tension, Aµ is a vector potential, ψ is the
Dirac electron-positron bispinor field and jµ = eψ¯γµψ is the charge current
and /∂ = ∂µγµ. This action is invariant with respect to the collection of
gauge transformations
Aλµ = Aµ + ∂µλ, ψ
λ = e+ıeλψ. (2)
The action principle used for the action (1) gives the Euler-Lagrange equa-
tions of motion - known as the Maxwell equations
∂νF
µν + jµ = 0, (3)
Physical solutions of the Maxwell equations are obtained in a fixed iner-
tial reference frame distinguished by a unit timelike vector nµ. This vec-
tor splits the gauge field Aµ into the timelike A0 = Aµnµ and spacelike
A⊥ν = Aν − nν(Aµnµ) components. Now we rewrite the Maxwell equations
by components
∆A0 − ∂0∂kAk = j0, (4)
✷Ak − ∂k[∂0A0 − ∂iAi] = −jk. (5)
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The field component A0 cannot be a degree of freedom because its canonical
conjugate momentum vanishes. The Gauss constraints (4) have the solution:
A0 + ∂0Λ = − 1
4π
∫
d3y
j0(x0, yk)
|x− y| , (6)
where
Λ = − 1
∆
∂kAk =
1
4π
∫
d3y
∂kAk
|x− y| (7)
is a longitudinal component. The result (6) is treated as the Coulomb po-
tential field leading to the static interaction.
2.2. Elimination of time component
Dirac [1] proposed to eliminating of the time component by the substi-
tution of the manifest resolution of the Gauss constraints given by (6) into
the initial action (1). This substitution - known as reduction procedure -
allows us to eliminate nonphysical pure gauge degrees of freedom [10]. After
this step the action (1) takes the form
S =
∫
d4x
{
1
2
(∂µA
T
k )
2+ψ¯[i/∂−m]ψ−j0∂0Λ−ATk jk+
1
2
j0
1
△j0
}
, (8)
where
ATk =
(
δij − ∂i∂j△
)
Aj. (9)
This substitution leaves the longitudinal component Λ given by Eq. (7)
without any kinetic term.
There are two possibilities. The first one is to treat Λ as the Lagrange
factor that leads to the conservation law (3). In this approach, the longi-
tudinal component is treated as an independent variable. This treatment
violate gauge invariance because this component is gauge-variant one and
it be can not measurable. Moreover, the time derivative of the longitudinal
component in Eq. (6) looks like a physical source of the Coulomb potential.
By these reasons we will not consider this approach in this paper.
In the second possibility a measurable potential stress is identified with
the gauge-invariant quantity (6)
AR0 = A0 −
∂0∂k
△ Ak , (10)
This approach is consistent with the principle of gauge invariance that iden-
tifies observables with gauge-invariant quantities. Therefore according to
the gauge-invariance the longitudinal component should be eliminated from
the set of degrees of freedom of QED too.
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2.3. Elimination of longitudinal component
This elimination is fulfilled by the choice of the ”radiation variables” as
gauge invariant functionals of the initial fields, i.e. ”dressed fields” [1]
ARµ = Aµ + ∂µΛ, ψ
R = eıeΛψ, (11)
In this case, the linear term ∂kAk disappears in the Gauss law (4)
∆AR0 = j
R
0 ≡ eψ¯Rγ0ψR. (12)
The source of the gauge-invariant potential field AR0 can be only an electric
current jR0 ; whereas the spatial components of the vector field A
R
k coincide
with the transversal one
∂kA
R
k = ∂kA
T
k ≡ 0. (13)
In this manner the frame-fixing Aµ = (A0, Ak) combinate with understand-
ing of A0 as a classical field and use of the Dirac dressed fields (11) of the
Gauss constraints (4) lead to understanding of the variables (11) as gauge-
invariant functionals of the initial fields.
2.4. Static interaction
Substitution of a manifest resolution of the Gauss constraints (4) into
the initial action (1) calculated on constraints cause that the initial action
can be expressed in terms of the gauge-invariant radiation variables (11)
[1, 4]
S =
∫
d4x
{
1
2
(∂µA
R
k )
2 + ψ¯R[i/∂ −m]ψR −ARk jRk +
1
2
jR0
1
△j
R
0
}
. (14)
The Hamiltonian, which corresponds to this action, has the form:
H= (Π
R
k )
2+(∂jA
R
k )
2
2
+ pRψγ0[iγk∂k+m]ψ
R +ARk j
R
k −
1
2
jR0
1
△j
R
0 , (15)
where ΠRk , p
R
ψ are the canonical conjugate momenta fields of the theory
caluculated by standard way. By this the vacuum can be defined as a state
with minimal energy obtained as the value of the Hamiltonian onto the
equations of motion. Relativistic covariant transformations of the gauge-
invariant fields are proved on the level of the fundamental operator quan-
tization in the form of the Poincare´ algebra generators [3]. The status of
the theorem of equivalence between the Dirac radiation variables and the
Lorentz gauge formulation is considered in [5, 6].
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2.5. Comparison of radiation variables with the Lorentz gauge ones
The static interaction and corresponding bound states are lost in any
frame free formulation including the Lorentz gauge one. The action (8)
transforms into
S =
∫
d4x
{
−1
2
(∂µA
L
ν )
2 + ψ¯L[i/∂ −m]ψL +ALµjLµ
}
, (16)
where
ALµ = Aµ + ∂µΛ
L, ψL = eieΛ
L
ψ, ΛL = − 1
✷
∂µALµ (17)
are the manifest gauge-invariant functionals satisfying the equations of mo-
tion
✷ALµ = −jLµ , (18)
with the current jLµ = −eψ¯LγµψL and the gauge constraints
∂µA
Lµ ≡ 0. (19)
Really, instead of the potential (satisfying the Gauss constraints△AR0 = jR0 )
and two transverse variables in QED in terms of the radiation variables (11)
we have here three independent dynamic variables, one of which AL0 satisfies
the equation
✷AL0 = −j0, (20)
and gives a negative contribution to the energy.
We can see that there are two distinctions of the “Lorentz gauge formu-
lation” from the radiation variables. The first is the lost of Coulomb poles
(i.e. static interactions). The second is the treatment of the time compo-
nent A0 as an independent variable with the negative contribution to the
energy; therefore, in this case, the vacuum as the state with the minimal
energy is absent. In other words, one can say that the static interaction is
the consequence of the vacuum postulate too. The inequivalence between
the radiation variables and the Lorentz ones does not mean violation of the
gauge invariance, because both the variables can be defined as the gauge-
invariant functionals of the initial gauge fields (11) and (17).
In order to demonstrate the inequivalence between the radiation vari-
ables and the Lorentz ones, let us consider the electron-positron scattering
amplitude TR = 〈e+, e−|Sˆ|e+, e−〉. One can see that the Feynman rules in
the radiation gauge give the amplitude in terms of the current jν = e¯γνe
TR =
j20
q2
+
(
δik − qiqk
q2
)
jijk
q2 + iε
≡ −j
2
q2 + iε
+
(q0j0)
2 − (q · j)2
q2[q2 + iε]
. (21)
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This amplitude coincides with the Lorentz gauge one,
TL = − 1
q2 + iε
[
j2 − (q0j0 − q · j)
2
q2 + iε
]
, (22)
when the box terms in Eq. (21) can be eliminated. Thus, the Faddeev
equivalence theorem [7] is valid, if the currents are conserved
q0j0 − q · j = qj = 0, (23)
But for the action with the external sources the currents are not conserved.
Instead of the classical conservation laws we have the Ward–Takahashi iden-
tities for Green functions, where the currents are not conserved
q0j0 − q · j 6= 0. (24)
In particular, the Lorentz gauge perturbation theory (where the propagator
has only the light cone singularity qµq
µ = 0) can not describe instantaneous
Coulomb atoms; this perturbation theory contains only the Wick–Cutkosky
bound states whose spectrum is not observed in the Nature.
Thus, we can give a response to the question: What are new physical re-
sults that following from the Hamiltonian approach to QED in comparison
with the frame free Lorentz gauge formulation? In the framework of the per-
turbation theory, the Hamiltonian presentation of QED contains the static
Coulomb interaction (21) forming instantaneous bound states observed in
the nature; whereas all frame free formulations lose this static interaction
together with instantaneous bound states, in the lowest order of perturba-
tion theory on retarded interactions called the radiation correction. Nobody
proves that the sum of these retarded radiation correction with the light-
cone singularity propagators (22) can restore the the Coulomb interaction
that was removed from propagators (21) by the hands on the level of the
action.
3. The Hamiltonian approach to a massive vector theory
3.1. Lagrangian and reference frame
The classical Lagrangian of massive QED is
L = −1
4
FµνF
µν +
1
2
M2V 2µ + ψ¯(i/∂ −m)ψ + Vµjµ , (25)
In a fixed reference frame this Lagrangian takes the form
L= (V˙k−∂kV0)
2−(∂jV Tk )2+M2(V 20 −V 2k )
2
+ψ¯(i/∂−m)ψ+V0j0−Vkjk, (26)
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where V˙ = ∂0V and V
T
k is the transverse component defined by the action of
the projection operator given in Eq. (9). In contrast to QED this action is
not invariant with respect to gauge transformations. Nevertheless, from the
Hamiltonian viewpoint the massive theory has the same problem as QED.
The time component of the massive boson has vanish canonical momentum.
3.2. Elimination of time component
In [6] one supposed to eliminate the time component from the set of
degrees of freedom like the Dirac approach to QED, i.e. using the action
principle. In the massive case it produce the equation of motion
(△−M2)V0 = ∂iV˙i + j0. (27)
which is understood as constraints and has solution
V0 =
(
1
△−M2 ∂iVi
)·
+
1
△−M2 j0. (28)
In order to eliminate the time component, let us insert (28) into the La-
grangian (26) [1, 6]:
L = 1
2
[
(V˙ Tk )
2+V Tk (△−M2)V Tk +j0
1
△−M2 j0
]
+ψ¯(i 6∂−m)ψ−V Tk jk
+
1
2
[
V˙
||
k M
2 1
△−M2 V˙
||
k −M2(V
||
k )
2
]
−V ||k jk+j0
1
△−M2∂kV˙
||
k , (29)
where we decomposed the vector field Vk = V
T
k +V
||
k by means of the projec-
tion operator by analogy to (9). The last two terms are the contributions of
the longitudinal component only. This Lagrangian contains the longitudinal
component which is the dynamical variable described by the bilinear term.
Now we propose the following transformation
ψ¯(i 6∂−m)ψ−V ||k jk+j0
1
△−M2∂kV˙
||
k = ψ¯
R(i 6∂−m)ψR−V R||k jk, (30)
where
V
R||
k = V
||
k − ∂k
1
△−M2 ∂iVi = −M
2 1
△−M2V
||
k , (31)
ψR = exp
{
−ie 1△−M2 ∂iVi
}
ψ (32)
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are the radiation-type variables, removes the linear term ∂iV˙i in the Gauss
law (27). If the mass M 6= 0, one can pass from the initial variables V ||k to
the radiation ones V
R||
k by the change
V
||
k = ZˆV
R||
k , Zˆ =
M2 −△
M2
(33)
Now the Lagrangian (29) goes into
L = 1
2
[
(V˙ Tk )
2+V Tk (△−M2)V Tk +j0
1
△−M2 j0
]
+ψ¯R(i 6∂−m)ψR
+
1
2
[
V˙
R||
k ZˆV˙
R||
k +V
R||
k (△−M2)ZˆV R||k
]
−V Tk jk−V R||k jk. (34)
The Hamiltonian corresponding to this Lagrangian can be construct in the
standard canonical way. Using rules of the Legendre transformation and
canonical conjugate momenta ΠV T
k
, Π
V
R||
k
, ΠψR as a result we obtain
H = 1
2
[
Π2
V T
k
+V Tk (M
2−△)V Tk +j0
1
M2−△j0
]
−ΠψRγ0(iγk∂k+m)ψR
+
1
2
[
Π
V
R||
k
Zˆ−1Π
V
R||
k
+V
R||
k (M
2−△)ZˆV R||k
]
+V Tk jk+V
R||
k jk. (35)
One can be convinced [6] that the corresponding quantum system has a vac-
uum as a state with minimal energy and correct relativistic transformation
properties.
3.3. Quantization
We start the quantization procedure from the canonical quantization by
using the following equal time canonical commutation relations (ETCCRs):[
ΠˆV T
k
, Vˆ Tk
]
= iδTijδ
3(x− y), (36)[
Πˆ
V
R||
k
, Vˆ
R||
k
]
= iδ
||
ijδ
3(x− y). (37)
The Fock space of the theory is building by the ETCCRs[
a−(λ) (±k) , a+(λ′)
(±k′)] = δ3 (k− k′) δ(λ)(λ′); (38){
b−α (±k) , b+α′
(±k′)} = δ3 (k− k′) δαα′ ; (39){
c−α (±k) , c+α′
(±k′)} = δ3 (k− k′) δαα′ . (40)
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with the vacuum state |0〉 defined by the relations:
a−
(λ)
|0〉 = b−α |0〉 = c−α |0〉 = 0. (41)
The field operators has the Fourier decompositions in the plane waves basis
Vj (x) =
∫
[dk]v ǫ
(λ)
j
[
a+(λ) (ω,k) e
−iωt+ikx+a−(λ) (ω,−k) eiωt−ikx
]
, (42)
ψ (x) =
√
2ms
∫
[dk]s
[
b+α (k) uαe
−iωt+ikx + c−α (−k) ναeiωt−ikx
]
, (43)
ψ+ (x) =
√
2ms
∫
[dk]s
[
b−α (k) u
+
α e
iωt−ikx + c+α (−k) ν+α e−iωt+ikx
]
, (44)
with the integral measure [dk]v,s =
1
(2π)3/2
d3k√
2ωv,s(k)
and the frequency of
oscillations ωv,s(k) =
√
k2 +m2v,s. One can define the vacuum expectation
values of the instantaneous products of the field operators
Vi(t, ~x)Vj(t, ~y) = : Vi(t, ~x)Vj(t, ~y) : + 〈Vi(t, ~x)Vj(t, ~y)〉, (45)
ψα(t, ~x)ψβ(t, ~y) = : ψα(t, ~x)ψβ(t, ~y) : + 〈ψα(t, ~x)ψβ(t, ~y), (46)
where
〈Vi(t, ~x)Vj(t, ~y)〉 = 1
(2π)3
∫
d3k
2ωv(k)
∑
(λ)
ǫ
(λ)
i ǫ
(λ)
j e
−ik(x−y), (47)
〈ψα(t, ~x)ψβ(t, ~y)〉 =
1
(2π)3
∫
d3k
2ωs(k)
(k~γ +m)αβ e
−ik(x−y) (48)
are the Pauli – Jordan functions.
3.4. Propagators and condensates
The vector field in the Lagrangian (34) is given by the formula
V Ri =
[
δTij + Zˆ
−1δ
||
ij
]
Vj = V
T
i + Zˆ
−1V
||
i . (49)
Use of this give us the propagator of the massive vector field in radiative
variables
DRij(x−y)=〈0|TV Ri (x)V Rj (y)|0〉=−i
∫
d4q
(2π)4
e−iq·(x−y)
q2−M2+iǫ
(
δij− qiqj
q2+M2
)
.(50)
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Together with the instantaneous interaction described by the current–curent
term in the Lagrangian (34) this propagator leads to the amplitude
TR = DRµν(q)j˜
µj˜ν =
j˜20
q2 +M2
+
(
δij − qiqj
q2 +M2
)
j˜ij˜j
q2 −M2 + iǫ (51)
of the current-current interaction, which differs from the acceptable one
TL = j˜µDLµν(q)j˜
ν = −j˜µ
gµν − qµqν
M2
q2 −M2 + iǫ j˜
ν . (52)
The amplitude given by Eq. (51) is the generalization of the radiation
amplitude in QED. As it was shown in [6], the Lorentz transformations of
classical radiation variables coincide with the quantum ones and they both
(quantum and classical) correspond to the transition to another Lorentz
frame of reference distinguished by another time-axis, where the relativistic
covariant propagator takes the form
DRµν(q|n)=−
1
q2−M2+iǫ
[
gµν−nµnν(qn)
2−[qµ−nµ(qn)][qν−nν(qn)]
M2+|qµ−nµ(qn)|2
]
(53)
where nµ is determined by the external states. Remember that the conven-
tional local field massive vector propagator takes the form (52)
DLµν(q) = −
gµν − qµqν
M2
q2 −M2 + iǫ . (54)
In contrast to this conventional massive vector propagator the radiation-
type propagator (53) is regular in the limit M → 0 and is well behaved
for large momenta, whereas the propagator (54) is singular. The radiation
amplitude (51) can be rewritten in the alternative form
TR = − 1
q2 −M2 + iǫ
[
j˜2ν +
(j˜iqi)
2 − (j˜0q0)2
~q2 +M2
]
, (55)
for comparison with the conventional amplitude defined by the propagator
(54). One can find that for a massive vector field coupled to a conserved cur-
rent (qµj˜
µ = 0) the collective current-current interactions mediated by the
radiation propagator (53) and by the conventional propagator (54) coincide
j˜µDRµν j˜
ν = j˜µDLµν j˜
ν = TL . (56)
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If the current is not conserved j˜0q0 6= j˜kqk, the collective radiation field vari-
ables with the propagator (53) are inequivalent to the initial local variables
with the propagator (54), and the amplitude (51). The amplitude (56) in
the Feynman gauge is
TL = − j
2
q2 −M2 + iε , (57)
and corresponds to the Lagrangian
LF = 1
2
(∂µVµ)
2 − jµVµ + 1
2
M2V 2µ (58)
In this theory the time component has a negative contribution to the en-
ergy. By this correct defined vacuum state could not exist. Nevertheless,
the vacuum expectation value 〈Vµ(x)Vµ(x)〉 coincides with the values for
two propagators (53) and (54) because in both these propagators the longi-
tudinal part do not contribute, if one treats they as derivatives of constant
like 〈∂Vµ(x)Vµ(x)〉 = ∂〈Vµ(x)Vµ(x)〉 = 0. In this case we have
〈Vµ(x)Vµ(x)〉 = − 2
(2π)3
∫
d3k
ωv(k)
≃ 2L2v(Mv), (59)
〈ψα(x)ψα(x)〉 = −
ms
(2π)3
∫
d3k
ωs(k)
= msL
2
s(ms), (60)
where ms, Mv are masses of the spinor and vector fields and L
2
s,v are values
of the integrals that coincide in the massless limit L2v = L
2
s ∼
∫
d3k/|~k|.
4. On the Hamiltonian presentation of SM
4.1. The SM action
The elementary particle physics which is successfully described in frames
of the Standard Model. As an example, we are going to study the elec-
troweak sector of SM, but analogously procedure can be formulate with
strong interactions presence. The electroweak sector of SM is described by
the Yang–Mills theory [11] constructed on the symmetry group SU(2) ×
U(1). It is known as the Glashow-Weinberg-Salam theory of electroweak
interactions [12]. We include the Higgs boson existence. The action of the
SM in the electroweak sector, with presence of the Higgs field can be write
in the form
SSM =
∫
d4xLSM =
∫
d4x
√−g [LInv + LHiggs] , (61)
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where
LInv = −1
4
GaµνG
µν
a −
1
4
FµνF
µν + (62)
+
∑
s
s¯R1 ıγ
µ
(
D(−)µ + ıg
′Bµ
)
sR1 +
∑
s
L¯sıγ
µD(+)µ Ls,
LHiggs = ∂µφ∂µφ− φ
∑
s
fss¯s+
φ2
4
∑
v
g2vV
2 − λ [φ2 − Φ20]2︸ ︷︷ ︸
VHiggs
(63)
are the Higgs field independent and the Higgs field dependent parts of
the Lagrangian respectively; here Gaµν = ∂µA
a
ν − ∂νAaµ + gεabcAbµAcν is the
field strength of non-Abelian SU(2) fields (that give weak interactions) and
Fµν = ∂µBν − ∂νBµ is the field strength of Abelian U(1) (electromagnetic
interaction) ones, D
(±)
µ = ∂µ−ig τa2 Aaµ± i2g′Bµ are the covariant derivatives,
L¯s = (s¯
L
1 s¯
L
2 ) are the lepton doublets, g and g
′ are the Weinberg coupling
constants. The quantities coupled with the Higgs field are equal∑
s
fss¯s ≡
∑
s=s1,s2
fs [s¯sRssL + s¯sLssR] , (64)
1
4
∑
v=W1,W2,Z
g2vV
2 ≡ g
2
4
W+µ W
−µ +
g2 + g′2
4
ZµZ
µ (65)
are the mass-like terms of fermions and W-,Z-bosons, respectively. Measur-
able gauge bosons W+µ , W
−
µ , Zµ are defined by the relations:
W±µ ≡ A1µ ±A2µ, (66)
Zµ ≡ −Bµ sin θW +A3µ cos θW , (67)
tan θW =
g′
g
, (68)
where θW is the Weinberg angle. The crucial meaning has a distribution of
the Higgs field Φ on the zero Fourier harmonic
〈φ〉 = 1
V0
∫
d3xφ (69)
and the non zero ones h, which we will call name the Higgs boson:
φ = 〈φ〉+ h√
2
,
∫
d3xh = 0. (70)
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In the acceptable way, 〈φ〉 satisfies the particle vacuum classical equation
(h = 0)
δVHiggs(〈φ〉)
δ〈φ〉 = 4〈φ〉[〈φ〉
2 − Φ20] = 0 (71)
that has two solutions
〈φ〉1 = 0, 〈φ〉2 = Φ0 6= 0. (72)
The second solution corresponds to the spontaneous vacuum symmetry
breaking that determines the masses of all elementary particles
MW =
Φ0√
2
g (73)
MZ =
Φ0√
2
√
g2 + g′2 (74)
ms = Φ0ys (75)
according to definitions of the masses of vector (v) and fermion (s) particles
Lmass terms = M
2
v
2
VµV
µ −mss¯s. (76)
4.2. Hamiltonian approach to SM
The accepted SM (61) is bilinear with respect to the time components
of the vector fields V K0 = (A0, Z0,W
+
0 ,W
−
0 ) in the “comoving frame” n
cf
µ =
(1, 0, 0, 0)
SV =
∫
d4x
[
1
2
V K0 Lˆ
KI
00 V
I
0 + V
K
0 J
K + ...
]
, (77)
where LˆKI00 is the matrix of differential operators. Therefore, the Dirac
approach to SM can be realized. This means that the problems of the
reduction and diagonalization of the set of the Gauss laws are solvable, and
the Poincare´ algebra of gauge-invariant observables can be proved [6]. In
any case, SM in the lowest order of perturbation theory is reduced to the
sum of the Abelian massive vector fields, where Dirac’s radiation variables
was considered in Sections 3.
4.3. The dynamic Higgs effect
The Hamiltonian approach to SM leads fundamental operator quantiza-
tion that allows a possibility of the dynamic spontaneous symmetry break-
ing based on in the Higgs potential (63), where instead of a dimensional
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parameter Φ0 we substitute the zero Fourier harmonic (69)
LHiggs = ∂µφ∂µφ− φ
∑
s
fss¯s+
φ2
4
∑
v
g2vV
2 − λ [φ2 − 〈φ〉2]2︸ ︷︷ ︸
VHiggs
. (78)
The vacuum Lagrangian for the zero Fourier harmonic takes the form
LλHiggs = (∂0〈φ〉)2 − V effHiggs, (79)
V effHiggs = 〈φ〉
∑
s
fs <s¯s> +
〈φ〉2
4
∑
v
g2v <V
2> −2λ〈φ〉2 <h2>, (80)
where < V 2 >,< s¯s > are condensates given by Eqs. (59), (60), and
〈h2〉 = 〈h(x)h(x)〉 = 1
2(2π)3
∫
d3k√
m2h + k
2
=
1
2
L2h (81)
is the Higgs condensate and
M2W =
〈φ〉2
2
g2, (82)
M2Z =
〈φ〉2
2
(g2 + g′2), (83)
ms = 〈φ〉 ys, (84)
m2h = 4λ〈φ〉2 (85)
are definitions of the masses of vector (v), fermion (s) and Higgs (h) parti-
cles. The zero Higgs mode 〈φ〉 satisfies the vacuum classical equation
∂20〈φ〉+
δV effHiggs(〈φ〉)
δ〈φ〉 = 0 (86)
that takes a form
∂20〈φ〉+
∑
s
fs <s¯s> −〈φ〉
2
∑
v
g2v <V
2> +4λ〈φ〉2 <h2>︸ ︷︷ ︸
VHiggs
= 0. (87)
Finally using the definitions of the condensates and masses (82), (83),(84),(85)
we got the equation of motion
〈φ〉∂20 〈φ〉 =
∑
s
m2sL
2
s − 2
∑
v
M2vL
2
v −
1
2
m2hL
2
h. (88)
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In the class of the constant solutions ∂20〈φ〉 ≡ 0 this equation has two solu-
tions
〈φ〉1 = 0, 〈φ〉2 = Φ0 6= 0. (89)
m2h = 2
∑
s=s1,s2
L2s
L2h
m2s − 4
[2M2WL
2
W +M
2
ZL
2
Z ]
L2h
. (90)
In the minimal SM [9], a three color t-quark dominates
∑
sm
2
s ≃ 3m2t
because contributions of other fermions
∑
s 6=tm
2
s/2mt ∼ 0.17 GeV are very
small. The large cut-off limit L2W = L
2
Z = L
2
f = L
2
h = L
2 leads to the value
of the Higgs mass
mh =
√
6m2t − 4[2M2W +M2Z ] = 311.6 ± 8.9GeV, (91)
if we substitute the PDG data on the values of masses of bosons MW =
80.403 ± 0.029 GeV, MZ = 91.1876 ± 0.00021 GeV, and t-quark mt =
174.2 ± 3.3 GeV.
4.4. The static interaction mechanism of the enhancement of the
△T = 1/2 transitions
Let us consider the K+ → π+ transition amplitude〈
π+
∣∣∣∣−i∫ d4xd4yJµ(x)DWµν(x− y)Jν(y)∣∣∣∣K+〉 = i(2π)4δ4(k−p)GEWΣ(k2)
in the first order of the EW perturbation theory in the Fermi coupling
constant
GEW =
sin θC cos θC
8M2W
e2
sin2 θW
≡ sin θC cos θCGF√
2
, (92)
comparing two different W-boson field propagators, the accepted Lorentz
(L) propagator (54) and the radiation (R) propagator (53). These propa-
gators give the expressions corresponding to the diagrams in Fig. 1
ΣR(k2) = 2F 2πk
2 − 2i
∫
d4qM2W
(2π)4
k2 + (k0 + q0)
2
(|~q|2 +M2W )[(k + q)2−m2π + iǫ]
, (93)
ΣL(k2) = 2F 2πk
2 + 2i
∫
d4qM2W
(2π)4
(2kµ + qµ)D
L
µν(−q)(2kν + qν)
(k + q)2 −m2π + iǫ
. (94)
The versions R and L coincide in the case of the axial contribution corre-
sponding to the first diagram in Fig. 1, and they both reduce to the static
interaction contribution because
kµkνDFµν(k) ≡ kµkνDRµν(k) =
k20
M2W
.
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Fig. 1. Axial (a) and vector (b) current contribution into K+ → π+ transition
However, in the case of the vector contribution corresponding to the
second diagram in Fig. 1 the radiation version differs from the Lorentz
gauge version (54)1.
In contrast to the Lorentz gauge version (54), two radiation variable
diagrams in Fig. 1 in the rest kaon frame kµ = (k0, 0, 0, 0) are reduced to
the static interaction contribution
i(2π)4δ4(k − p)GEWΣR(k2) =
〈
π+
∣∣∣∣−i∫ d4xJ0(x) 1△−M2W J0(x)
∣∣∣∣K+〉
with the normal ordering of the pion fields which are at their mass-shell2,
so that
ΣR(k2) = 2k2F 2π
[
1 +
M2W
F 2π (2π)
3
∫
d3l
2Eπ(~l)
1
M2W +
~l2
]
≡ 2k2F 2πg8. (95)
Here Eπ(~l) =
√
m2π +
~l2 is the energy of π-meson and g8 is the parameter of
the enhancement of the probability of the axial K+ → π+ transition. The
pion mass-shell justifies the application of the low-energy ChPT [13, 14],
where the summation of the chiral series can be considered here as the
meson form factors [15, 16, 17]
∫ d3l
2Eπ(~l)
→ ∫ d3lfVK(−(~l)2)fVπ (−(~l)2)
2Eπ(~l)
.
Using the covariant perturbation theory [18] developed as the series
Jkµ(γ⊕ ξ) = Jkµ(ξ)+F 2π∂µγk+γifijkJ jµ(ξ)+O(γ2) with respect to quantum
fields γ added to ξ as the product eiγeiξ ≡ ei(γ⊕ξ), one can see that the
1 The Faddeev equivalence theorem [7] is not valid, because the vector current Jµ =
K∂µpi − pi∂µK becomes the vertex Γµ = K∂µDpi − Dpi∂µK, where one of fields is
replaced by its propagator ✷Dpi = δ(x), and ∂µΓ
µ 6= 0.
2 The second integral in (93) with the term (k0 + q0)
2 really does not depend on k2,
and it can be removed by the mass rotation.
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normal ordering
< 0|γi(x)γi′(y)|0 >= δii′N(~z), N(~z) =
∫
d3lei
~l·(~z)
(2π)32Eπ(~l)
,
where ~z = ~x−~y, in the product of the currents Jkµ(γ⊕ξ) leads to an effective
Lagrangian with the rule △T = 1/2
M2W
∫
d3zg8(z)
e−MW |~z|
4π|~z| [J
j
µ(x)J
j′
µ (z+x)(fij1+ifij2)(fi′j′4−ifi′j′5)δii
′
+h.c],
where g8(|z|) = [1+
∑
I≥1
cIN I(~z)] is series over the multipaticle intermediate
states (this sum is known as the Volkov superpropagator [14, 19]). In the
limit MW → ∞, in the lowest order with respect to MW , the dependence
of g8(|~z|) and the currents on ~z disappears in the integral of the type of
M2W
∫
d3z
g8(|~z|)e−MW |~z|
4π|~z| =
∫ ∞
0
drre−rg8(r/MW ) ≃ g8(0).
In the next order, the amplitudes K0(K¯0) → π0 arise. Finally, we get the
effective Lagrangians [20]
L(∆T= 1
2
) =
GF√
2
g8(0) cos θC sin θC × (96)[
(J1µ + iJ
2
µ)(J
4
µ − iJ5µ)−
(
J3µ +
1√
3
J8µ
)
(J6µ − iJ7µ) + h.c.
]
,
L(∆T= 3
2
) =
GF√
2
cos θC sin θC
[(
J3µ +
1√
3
J8µ
)
(J6µ − iJ7µ) + h.c.
]
. (97)
This result shows that the enhancement can be explained by static vector
interaction that increases the K+ → π+ transition by a factor of g8 = g8(0),
and yields a new term describing the K0 → π0 transition proportional to
g8 − 1.
This Lagrangian with the fit parameter g8 = 5 (i.e. g8 sin θC cos θC ≃ 1)
describes the nonleptonic decays in satisfactory agreement with experimen-
tal data [14, 20, 21].
Thus, for normal ordering of the weak static interaction in the Hamil-
tonian SM can explain the rule △T = 1/2 and universal factor g8.
On the other hand, contact character of weak static interaction in the
Hamiltonian SM excludes all retarded diagram contributions in the effective
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Chiral Perturbation Theory considered in [23] that destruct the form factor
structure of the kaon radiative decay rates with the amplitude
T(K+→π+l+l−) = g8t(q
2)2F 2π sin θC cos θC
GF√
2
(kµ + pµ)
q2
l¯γµl (98)
where q2 = (k − p)2, and
t(q2) =
fAK(q
2)+fAπ (q
2)
2
− fVπ (q2) +
[
fVK (q
2)−fVπ (q2)
] m2π
M2K −m2π
, (99)
and fVK ≃ fVπ (q2) = 1+M−2ρ q2+ ..., fAK(q2) ≃ fAπ (q2) = 1+M−2a q2+ . . . are
form factors determined by the masses of the nearest resonances for meson
– gamma – meson vertex.
Therefore, the static interaction mechanism of the enhancement of the
△T = 1/2 transitions predicts [21] that the meson form factor resonance
parameters explains the experimental values of rates of the radiation kaon
decays K+ → π+e+e−(µ+µ−). Actually, substituting of the PDG data on
the resonance masses Mρ = 775.8 MeV, 1
+(1−−) = IG(JPC) and meson
– gamma – W-boson one Ma = 984.7 MeV, 1
−(0++) = IG(JPC) into the
decay amplitudes one can obtain decay branching fractions [21]:
Br(K+ → π+e+e−) = 2.93 × 10−7, [2.88 ± 0.13 × 10−7]PDG
Br(K+ → π+µ+µ−) = 0.73 × 10−7, [0.81 ± 0.14 × 10−7]PDG (100)
in satisfactory agreement with the experimental data [24, 25]. Thus, the
off-mass-shell kaon-pion transition in the radiation weak kaon decays can
be a good probe of the weak static interaction revealed by the radiation
propagator (53) of the Hamiltonian presentation of SM.
5. Conclusions
Physical consequences of the Hamiltonian approach to the Standard Model
are the weak static interactions, like the Coulomb static interaction is con-
sequence of the Hamiltonian approach in QED. The static interactions can
be omitted, if we restrict ourselves by the scattering processes of the el-
ementary particles where static interactions are not important. However,
the static poles play crucial role in the mass-shell phenomena of the bound
state type, spontaneous symmetry breaking, kaon - pion transition in the
weak decays, etc. Static interactions follow from the spectrality principle
that means existence of a vacuum defined as a state with the minimal en-
ergy. We discussed physical effects testifying about the static interactions
omitted by the accepted version of SM.
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One of these effects is revealed by the loop meson diagrams in the low
energy weak static interaction. These diagrams lead to the enhancement
coefficient g8 in weak kaon decays and the rule △T = 12 . The loop pion
diagrams in the Chiral Perturbation Theory [14] in the framework of the
Hamiltonian approach with the weak static interaction lead to definite re-
lation of the vector form factor with the differential radiation kaon decay
rates in agreement with the present day PDG data [21], in the contrast to
the acceptable renormalization group analysis based on the Lorentz gauge
formulation omitting weak static interaction [23], where loop pion diagrams
destroy the above mentioned relation of the vector form factor with the dif-
ferential radiation kaon decay rates. Therefore, the radiation kaon decays
can be a good probe of the weak static interaction.
The Hamiltonian approach to the Standard Model and its operator fun-
damental formulation lead to a dynamic version of spontaneous symmetry
breaking and the Schwinger – Dyson type equation provoking the sum-rule
of masses of vector and spinor fields that predicts the mass of Higgs particle
≃ 310 ± 10 GeV.
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